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ASYNCHRONOUS SERIAL 
COMMUNICATIONS ON A PORTABLE 
COMMUNICATION DEVICE SERIAL 

COMMUNICATION BUS 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
The present invention relates generally to portable com 

munication systems. More particularly, the present invention 
relates to novel and improved portable communications 
device and accessory system Which provides full-duplex 
asynchronous communications betWeen a portable commu 
nication device and external accessories over a synchronous 
digital interface. 

II. Description of the Related Art 
There are presently multiple types of cellular radiotele 

phone systems operating. These systems include the fre 
quency modulated (FM) advanced mobile phone system 
(AMPS) and tWo digital cellular systems: time division 
multiple access (TDMA and GSM), and code division 
multiple access (CDMA). The digital cellular systems are 
being implemented to handle capacity problems that AMPS 
is experiencing. Dual-mode CDMA/FM radiotelephones 
exist Which are selectively operative in either FM or CDMA 
modes. Telecommunications Industry Association (TIA)/ 
Electronic Industries Association (EIA) Interim Standard 95, 
entitled “Mobile Station-Base Station Compatibility Stan 
dard for Dual-Mode Wideband Spread Spectrum Cellular 
System” sets forth the requirements and standards for a 
dual-mode radiotelephone Which is selectively operative in 
either FM or CDMA modes. 

A typical portable cellular radiotelephone may be inter 
faced With one or more external accessories. For example, 
the portable telephone user may desire to use his portable 
radiotelephone in his car While driving, and thus interface it 
With a hands-free speakerphone, a poWer booster, and/or a 
voice-operated dialer. The hands-free speakerphone (or 
hands-free “kit”) alloWs the user to make phone calls, via an 
external loudspeaker and microphone, Without holding the 
telephone. The poWer booster couples radio frequency (RF) 
signal to and from the portable radiotelephone’s oWn 
antenna, amplifying the RF signal for the higher poWer 
transmission and reception that is desirable When operating 
off of a car battery. A voice dialer responds to verbal 
commands from the user, dialing from a set of pre 
programmed telephone numbers according to the voice 
commands. These accessories are often used at the same 
time as part of a car adapter kit. 

In the prior art, each of these external accessories requires 
at least one separate interface to the portable radiotelephone. 
For example, consider the typical prior art portable radio 
telephone accessory system illustrated in FIG. 1. The por 
table device 100, Which could be a cellular phone, a personal 
communication services (PCS) phone, or similar device, 
comprises microphone and speaker 106, multiplexer 104, 
encoder/decoder (CODEC) 102, digital signal processor 
(DSP) 108, microprocessor 110, UART 126, transceiver 112, 
and antenna 111. 

In operation, antenna 111 receives an RF signal Which is 
subsequently doWnconverted and demodulated by trans 
ceiver 112. The demodulated digital signal is passed to DSP 
108 for audio-band processing, and then to CODEC 102 for 
conversion to an analog voice signal. For transmission, the 
reverse path is folloWed, i.e. the analog voice signal is 
converted to a digital signal by CODEC 102, processed by 
DSP 108, and passed to transceiver 112 for upconversion 
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2 
and modulation before transmission on antenna 111. When 
portable device 100 is in a portable mode (i.e. When not 
connected to external accessories) microprocessor 110 con 
?gures multiplexer 104 to pass the analog voice signal to and 
from microphone and speaker 106, Which are housed in 
portable device 100. HoWever, When portable device 100 is 
interfaced With hands-free kit 114, microprocessor 110 con 
?gures multiplexer 104 to pass the analog voice signal, over 
analog interface 113, to and from auxiliary microphone and 
speaker 116 Which are housed in hands-free kit 114. In 
addition, When portable device 100 is interfaced With poWer 
booster 118, RF signals are received and transmitted by 
external antenna 120, ampli?ed by poWer booster 118, and 
coupled to and from antenna 111 in portable device 100. 
The dif?culty With the prior art is encountered When one 

desires to pass control commands to hands-free kit 114 or 
poWer booster 118, or to control other external accessories 
such as voice dialer 122. Since analog interface 113 carries 
analog voice signals, it is not suited to carry digital control 
commands to external accessories. As such, separate com 
mand interfaces 115, and 117 are necessary to pass control 
commands to hands-free kit 114 and poWer booster 118, 
respectively. Commands to hands-free kit 114 may include 
instructions to automatically turn auxiliary microphone and 
speaker 116 on and off, or to automatically mute the car’s 
installed stereo during a hands-free call. Commands to 
poWer booster 118 may include transmit and receive poWer 
control commands. Furthermore, the command interfaces 
115 and 117 are generally synchronous serial input/output 
(I/O) interfaces. Since voice dialer 122, and indeed other 
possible accessories, may require an asynchronous interface 
serial communications interface With the UART 126, and 
command interfaces 115 and 117 are generally unsuited for 
asynchronous communications, asynchronous interface 124 
must be a separate interface than the others. Thus, as can be 
seen from FIG. 1, at least one separate interface 113, 115, 
117, and 124 must be used to interface portable device 100 
With each desired external accessory 114, 118, and 122 
adding cost and complexity. 
Another dif?culty With the prior art system of FIG. 1 is 

that When portable device 100 is interfaced With hands-free 
kit 114 (i.e. When operating in hands-free mode), the normal 
full-duplex operation of simultaneous talk and listen is 
suspended. This is required to prevent undesired feedback 
betWeen the auxiliary speaker and microphone 116. 
Typically, the hands-free mode of operation is controlled by 
a voice-activated sWitch (VOX) Which sWitches betWeen the 
talk and listen paths according to the activity level of the 
path. If portable device 100 is operating in an FM mode, the 
talk and listen paths are both simultaneously enabled during 
hands-free operation, hoWever the inactive path is alWays 
attenuated to prevent acoustic oscillation. If portable device 
100 is operating in a digital mode, the inactive path is muted 
Whenever active voice frames arrive from the base station. 
Unfortunately, the VOX sWitching Works Well only When 
both portable device 100 and the calling unit are in relatively 
quiet environments. For instance, if the caller is in a noisy 
public place, and the user of portable device 100 is in 
hands-free operation in the relative quiet of a car interior, the 
caller is likely to hear only broken portions of the conver 
sation because the VOX Will favor the caller’s background 
noise over the speech of the user of portable device 100. 
What is needed is a portable communication device and 

accessories that communicate both voice and command data 
over a single ?exible interface, and also provides for full 
duplex communication betWeen the portable device and the 
accessories. 
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SUMMARY OF THE INVENTION 

The present invention is a novel and improved portable 
communications device and accessory system Which pro 
vides full-duplex asynchronous communications betWeen a 
portable communication device and external accessories 
over a synchronous digital interface. 

The system is useful for exchanging asynchronous data 
over a synchronous communication interface betWeen a 
communication device and an external accessory, Where the 
external accessory has at least one asynchronous internal 
device and at least one synchronous internal device. The 
system includes a digital signal processor for generating a 
?rst synchronous digital voice signal, a UART for generat 
ing a ?rst asynchronous data signal, and a microprocessor 
for generating a synchronous control command signal. The 
system further includes a ?rst multiplexer for multiplexing 
the ?rst synchronous digital voice signal and the ?rst asyn 
chronous data signal and the synchronous control command 
signal onto an interface line. The interface line couples the 
communication device to the at least one external accessory. 
A second multiplexer is coupled to the interface line, for 
routing the ?rst synchronous digital voice signal and the 
synchronous control command signal to the at least one 
synchronous internal device, and for routing the ?rst asyn 
chronous data signal to the asynchronous internal device. 

In the preferred embodiment, the external accessory is a 
hands-free kit the at least one asynchronous internal device 
may be a voice dialer or other asynchronous device. Also, 
the synchronous devices in the hands-free kit may be an 
auxiliary CODEC for decoding the ?rst synchronous digital 
voice signal, an auxiliary microphone for receiving the 
synchronous control command signal, and an auxiliary 
speaker for receiving the synchronous control command 
signal. The system may also include a poWer booster 
coupled to the interface line, for receiving the synchronous 
control command signal. 

The system operates in full-duplex. As such, the asyn 
chronous internal device is further for generating a second 
asynchronous data signal, and the at least one synchronous 
internal device is further for generating a second synchro 
nous digital voice signal and a synchronous status indication 
signal. The second multiplexer also multiplexes the second 
asynchronous data signal and the synchronous status indi 
cation signal onto the interface line. Furthermore, the ?rst 
multiplexer routes the second asynchronous data signal to 
the UART and the synchronous status indication signal to 
the microprocessor. 

In the preferred embodiment, the data signal communi 
cated over the interface line has a data frame format. Each 
of the ?rst and second multiplexers generate a data frame 
having a predetermined number of digital audio bits and a 
predetermined number of pad bits. The ?rst and second 
asynchronous data signals are multiplexed into at least one 
of the pad bits. The ?rst and second synchronous digital 
voice signals are multiplexed into at least one of the digital 
audio bits. And the synchronous control command signal 
and the synchronous status indication signal are multiplexed 
into at least one of said pad bits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present 
invention Will become more apparent from the detailed 
description set forth beloW When taken in conjunction With 
the draWings in Which like reference characters identify 
correspondingly throughout and Wherein: 

FIG. 1 is a block diagram of a prior art portable commu 
nication device and accessory system; 
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4 
FIG. 2 is a block diagram of the portable communication 

device and accessory system of the present invention; 
FIG. 3A is a diagram of the format of a single data frame 

on the forWard path from the portable communication device 
to the hands-free kit; and 

FIG. 3B is a diagram of the format of a single data frame 
on the reverse path from the hands-free kit to the portable 
communication device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 2 illustrates a block diagram of the portable com 
munication device and accessory system of the present 
invention. In the preferred embodiment, hands-free kit 214 
serves as a physical “cradle” to receive portable device 200, 
and has a mechanical hooksWitch (not shoWn) to determine 
When portable device 200 is in the cradle (an “on-hook” 
condition) and When portable device 200 is out of the cradle 
(an “off-hook” condition). When portable device 200 is 
connected to hands-free kit 214 and is in the cradle, it 
sWitches to operating in a hands-free mode. Whenever 
portable device 200 is out of the cradle, it operates in a 
portable mode. Portable device 200 may also be interfaced 
With hands-free kit 214, but still out of the cradle (i.e. off 
hook). 
Antenna 111, transceiver 112, CODEC 102, and micro 

phone and speaker 106 of FIG. 2 operate as described With 
reference to FIG. 1. HoWever, When portable device 200 is 
operating in a portable mode (i.e. When it is either not 
connected to hands-free kit 214, or is connected to hands 
free kit 214 but out of the cradle), microprocessor 210 
con?gures serial communication bus multiplexer 204 to pass 
digital voice data betWeen DSP 208 and CODEC 102. When 
portable device 200 is operating in a hands-free mode (i.e. 
When it is connected to hands-free kit 214 and in the cradle), 
microprocessor 210 con?gures serial communication bus 
multiplexer 204 to pass digital voice data from DSP 208 and 
synchronous control commands from microprocessor 210 
and asynchronous data from UART 232 to hands-free kit 
214 over digital interface 215. It should be noted that 
hands-free kit 214 may contain other functional blocks not 
illustrated in FIG. 2. 

To accomplish the multiplexing of these three signals (i.e. 
digital voice data, synchronous control commands, and 
asynchronous data) onto a single digital interface 215, 
microprocessor 210 controls multiplexer 236. Speci?cally, 
on the forWard path from portable device 200 to hands-free 
kit 214, microprocessor 210 controls multiplexer 236 to 
sWitch betWeen synchronous control commands generated 
by microprocessor 210 and asynchronous data generated by 
UART 232 and digital voice data generated by DSP 208. 
Thus, the signal presented to multiplexer 204 over line 240 
is a multiplexed signal that may contain digital voice data, 
asynchronous data, and synchronous control commands. 

This forWard path signal is sWitched by multiplexer 204 
to digital interface 215 Where each signal component is 
routed by multiplexer 242 to its respective destination. That 
is to say that the digital voice data from DSP 208 is routed 
to auxiliary CODEC 217, the synchronous control com 
mands generated by microprocessor 210 may be routed to 
auxiliary microphone and speaker 116 or voice dialer 230 or 
poWer booster 218, and asynchronous data is routed to voice 
dialer 230. It should be noted that When the portable device 
200 is in the portable mode, the asynchronous data and 
synchronous control commands need not be multiplexed 
onto the line 240 because microprocessor 210 con?gures 
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multiplexer 204 to route signals to and from the internal 
CODEC 102 When the portable device 200 is in the portable 
mode. 
On the reverse path from hands-free kit 214 to portable 

device 200, status indications generated by voice dialer 230, 
auxiliary CODEC 217, poWer booster 218 or auxiliary 
microphone and speaker 116 are multiplexed by multiplexer 
242 With digital voice data from auxiliary CODEC 217 and 
asynchronous data from voice dialer 230. The multiplexed 
signal is then sent over digital interface 215 to multiplexer 
204. Multiplexer 204 routes the multiplexed signal from 
digital interface 215 to multiplexer 236 over line 240. 
Multiplexer 236 then routes the signal components to their 
respective destinations. That is to say that digital voice data 
from auxiliary CODEC 217 is routed to DSP 208, status 
indications from voice dialer 230 or auxiliary CODEC 217 
or auxiliary microphone and speaker 116 or poWer booster 
218 are routed to microprocessor 210, and asynchronous 
data from voice dialer 230 is routed to UART 232. 

In this manner, a single ?exible interface betWeen por 
table communication device 200 and external accessories 
214, 218 is accomplished Which reduces the complexity of 
the interface over the prior art of FIG. 1. It should be noted 
that multiplexers 236, 204, and 242 may each be comprised 
of one or more individual multiplexing and de-multiplexing 
devices, but for simplicity they are shoWn as single blocks 
in FIG. 2. Aserial interface suitable for use With the present 
invention is further disclosed in copending US. patent 
application Ser. No. 08/593,305, ?led Jan. 31st, 1996, 
entitled “PORTABLE COMMUNICATION DEVICE AND 
ACCESSORY SYSTEM” assigned to the assignee of the 
present invention and incorporated herein by reference. 

In the preferred embodiment, CODEC 102 and auxiliary 
CODEC 217 convert an analog voice signal to pulse-code 
modulated (PCM) digital format. Optionally, the PCM for 
mat may be a compressed p-laW or a-laW format, or tWo’s 
complement linear format. FIGS. 3A and 3B illustrate the 
preferred embodiment of the serial data format Which is 
created by the multiplexers 236 and 242, respectively, on 
line 240 and digital interface 215. 

Referring to FIG. 3A, in the preferred embodiment, the 
serial communication link over the forWard path from por 
table device 200 to hands-free kit 214 over digital interface 
215 provides a 128 kbps data frame format in full-duplex, 
allocated as 64 kbps for PCM audio (digital voice data) 
represented by frame portion 304 and 64 kbps for either 
control commands or asynchronous data to the accessories 
represented by frame portion 302. In the preferred embodi 
ment of FIG. 3A, each frame contains sixteen bits. Bit “S” 
of frame portion 304 is a start bit Which indicates the 
beginning of the frame. Bits “A”, “B”, “C”, “W”, “X”, “Y”, 
and “Z” each represent a PCM audio sample from DSP 208 
and intended for auxiliary CODEC 217 (see FIG. 2). Bits 
“0” through “7” each represent either a control command to 
one of the accessories, asynchronous data generated by 
UART 232 and intended for voice dialer 230 (see FIG. 2), 
or “pad” bits Which carry no information but merely “pad” 
the frame to be sixteen bits long. 

For example, in one embodiment, bits “7”, “6”, and “5” 
of frame portion 302 may represent volume (i.e. turn up or 
turn doWn) commands from microprocessor 210 to the 
auxiliary speaker 116, bits “4”, “3”, “2”, and “1” may 
represent “pad” bits inserted by microprocessor 210, and bit 
“0” may represent the asynchronous data generated by 
UART 232 and intended for voice dialer 230. 

In the example just described, the frame rate is 8 kbps (i.e. 
128 kbps/ 16). Thus, the asynchronous data signal in bit “0” 
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6 
of frame portion 302 is sampled at a rate of 8 kbps. As such, 
a relatively loW rate 1200 bps asynchronous data signal 
generated by UART 232 may be sampled into bit “0” at 8 
kbps With about 15% jitter (i.e. 1200 bps/8000 bps). Clearly, 
other data frame formats With more or feWer bits, and With 
a higher or loWer data rate may be used Without departing 
from the present invention. 

FIG. 3B represents the data frame format on the reverse 
path from the hands-free kit 214 to the portable device 200. 
In the preferred embodiment, this serial communication link 
over the reverse path also provides a 128 kbps data frame 
format, allocated as 64 kbps for PCM audio (digital voice 
data) represented by frame portion 306 and 64 kbps for 
either status indications or asynchronous data from the 
accessories represented by frame portion 308. In the pre 
ferred embodiment of FIG. 3B, each frame also contains 
sixteen bits With a similar structure as that of FIG. 3A. 

For example, the asynchronous data signal in bit “0” of 
frame portion 308 may be sampled out at a rate of 8 kbps 
(i.e. the frame rate). As such, a relatively loW rate 1200 bps 
asynchronous data signal generated by voice dialer 230 and 
intended for UART 232 may be sampled from bit “0” at 8 
kbps With about 15% jitter (i.e. 1200 bps/8000 bps). 

Thus, the present invention provides a full-duplex asyn 
chronous synchronous serial communication link betWeen a 
portable device 200 and an external accessory kit such as 
hands-free kit 214 over a single, ?exible digital interface. 
The previous description of the preferred embodiments is 

provided to enable any person skilled in the art to make or 
use the present invention. The various modi?cations to these 
embodiments Will be readily apparent to those skilled in the 
art, and the generic principles de?ned herein may be applied 
to other embodiments Without the use of the inventive 
faculty. Thus, the present invention is not intended to be 
limited to the embodiments shoWn herein but is to be 
accorded the Widest scope consistent With the principles and 
novel features disclosed herein. 
We claim: 
1. A system for exchanging asynchronous data over a 

synchronous communication interface betWeen a communi 
cation device and an external accessory, said external acces 
sory having at least one asynchronous internal device and at 
least one synchronous internal device, the system compris 
ing: 

a digital signal processor for generating a ?rst synchro 
nous digital voice signal; 

a UART for generating a ?rst asynchronous data signal; 
a microprocessor for generating a synchronous control 
command signal; 

a ?rst multiplexer, located Within said communication 
device, for multiplexing said ?rst synchronous digital 
voice signal and said ?rst asynchronous data signal and 
said synchronous control command signal to be trans 
mitted to said external accessory via an interface line, 
said interface line coupling said communication device 
to said at least one external accessory; and 

a second multiplexer, located Within said external acces 
sory and coupled to said interface line, for routing said 
?rst synchronous digital voice signal and said synchro 
nous control command signal to said at least one 
synchronous internal device, and for routing said ?rst 
asynchronous data signal to said asynchronous internal 
device. 

2. The system of claim 1 Wherein said external accessory 
is a hands-free kit and said asynchronous internal device is 
a voice dialer, said voice dialer for receiving said ?rst 
asynchronous data signal. 
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3. The system of claim 2 wherein said at least one 
synchronous device comprises: 

an auxiliary CODEC for decoding said ?rst synchronous 
digital voice signal; 

an auxiliary microphone for receiving said synchronous 
control command signal; and 

an auxiliary speaker for receiving said synchronous con 
trol command signal. 

4. The system of claim 2 further comprising a poWer 
booster coupled to said interface line, for receiving said 
synchronous control command signal. 

5. The system of claim 1 Wherein said asynchronous 
internal device is further for generating a second asynchro 
nous data signal, and Wherein said at least one synchronous 
internal device is further for generating a second synchro 
nous digital voice signal and a synchronous status indication 
signal, and Wherein said second multiplexer is further for 
multiplexing said second asynchronous data signal and said 
synchronous status indication signal onto said interface line, 
and Wherein said ?rst multiplexer is further for routing said 
second asynchronous data signal to said UART and for 
routing said synchronous status indication signal to said 
microprocessor. 

6. The system of claim 5 Wherein said external accessory 
is a hands-free kit and said asynchronous internal device is 
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a voice dialer, said voice dialer for generating said second 
asynchronous data signal. 

7. The system of claim 6 Wherein said at least one 
synchronous device comprises: 

an auxiliary CODEC for generating said second synchro 
nous digital voice signal; and 

an auxiliary microphone for generating said synchronous 
status indication signal. 

8. The system of claim 6 further comprising a poWer 
booster coupled to said interface line, for generating said 
synchronous status indication signal. 

9. The system of claim 5 Wherein said ?rst and second 
multiplexers each generate a data frame having a predeter 
mined number of digital audio bits and a predetermined 
number of pad bits, said ?rst and second asynchronous data 
signals being multiplexed into at least one of said pad bits, 
said ?rst and second synchronous digital voice signals being 
multiplexed into at least one of said digital audio bits, and 
said synchronous control command signal and said synchro 
nous status indication signal being multiplexed into at least 
one of said pad bits. 


